Comparative Dental Analysis:Should Dentists Release Dental Records? by Sallis, Claire & Manica, Scheila
                                                                    
University of Dundee
Comparative Dental Analysis









Link to publication in Discovery Research Portal
Citation for published version (APA):
Sallis, C., & Manica, S. (2021). Comparative Dental Analysis: Should Dentists Release Dental Records? Dental
Update, 48(2), 148-151. https://doi.org/10.12968/DENU.2021.48.2.148
General rights
Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.
 • Users may download and print one copy of any publication from Discovery Research Portal for the purpose of private study or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain.
 • You may freely distribute the URL identifying the publication in the public portal.
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 06. Nov. 2021
1 
Mandibular ramus as a sex predictor in adult Jordanian Subjects 1 
ABSTRACT  2 
Human Identification is an important part of criminal investigation, and a way to express 3 
the respect of the legal rights of the dead. It can be performed by comparative analysis 4 
or by constructing the biological profile that involves sex estimation. Some metric studies 5 
of sexing the mandible explore linear and areal measurements; however, these 6 
measurements are not advisable using uncalibrated radiographs and, alternatively, ratios 7 
and angular measurements should be tested. The main aim of this study was to explore 8 
the sex discrimination of condylar angle, mandibular notch angle and the ratio between 9 
mandibular and condylar-coronoid areas by tracing uncalibrated OPGs of 50 Jordanian 10 
subjects (aged 21-45 years; 50% each sex). The second aim was to develop a regression 11 
model to predict sex using angular and ratio measurements from OPGs. ImageJ(2015) 12 
software was used to assess the images and the data was subjected to Binary Logistic 13 
Regression analysis using SPSS(22). Results showed that the condylar and mandibular 14 
notch angles were statistically significant predictors of sex whilst the areal ratio was not 15 
significant. A predictive model was developed combining the two significant predictors 16 
which was able to correctly classify 77.6% of our sample.  An Excel calculator was derived 17 
from this model and validated using novel data. 10 different OPGs were assessed using 18 
the calculator and 80% of them were classified correctly. The conclusion is that condylar 19 
and mandibular notch angles have potential as sex predictors for adult Jordanian subjects 20 
and the analysis of the results can be automated by the sex calculator. 21 
KEYWORDS: Forensic Dentistry; Forensic Anthropology; Human Identification; Sex 22 
Estimation; Sex Calculator; Ramus Measurements. 23 
INTRODUCTION 24 
Human identification has gained more importance in a world with increasing crime rate, 25 
great numbers of refugees who die before asylum is granted, and victims who are found 26 
in decomposed and charred states [1,2,3]. The significance of human identification is not 27 
only to assist the right of the dead to be named and buried in a marked grave, but also to 28 
aid criminal investigation and help the victim’s relatives to know the background of the 29 
case [4]. Human identification by comparative dental analysis is carried out by comparing 30 
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ante-mortem (AM) records with the post-mortem (PM) findings; When AM records are not 31 
available, reconstructive technique is performed by analyzing the available evidence to 32 
construct the biological profile: sex, age, stature and ancestry [5,2].  33 
Sex estimation is considered as the fundamental step in profiling as most of the methods 34 
used for assessing age, ancestry and stature are sex specific [6]. All bones are found to 35 
have some sexual indicators with the skull considered the second most reliable skeletal 36 
element after the pelvis and can survive decomposition process [6,7,8]. The mandible has 37 
been explored for sex dimorphism morphologically and metrically as it is considered to 38 
be the strongest bone of the skull, being easily identified even fragmented with a degree 39 
of sexual dimorphism [2,6]. To overcome the subjectivity and experience-related errors 40 
of morphological sex estimation, the researchers sex the mandible morphometrically [2]. 41 
Moreover, they analyze the sexual dimorphism of the mandible on different radiographs 42 
such as lateral cephalograms (LC) or computed tomography (CT) mainly based on linear 43 
and areal measurements [9,10,11]. Also, many studies were conducted on 44 
Orthopantomograms (OPG) for their availability, broad coverage of the lower face 45 
components and short time processing [12,13,14,15]. However,  most of these 46 
methodologies require calibrating the radiographs by measuring the magnification factor 47 
or using visible rulers on the radiograph film which is not always possible.. This can be 48 
overcome by testing angular and ratio measurements [2]. 49 
Jordan is an Arab country bordered with 4 countries, 3 of which are in conflict [16]. The 50 
need of experts in human identification in this country is growing, especially with 51 
increasing crime rate [17]. Beside the crimes, identification of natural disaster victims is 52 
one of the challenges Jordan is facing. In 2018, twenty-one people died in flash flood. 53 
Under the pressure of the government and the families, the forensic staff misidentified 54 
two bodies which were solved later by DNA [18]. 55 
Moreover, Jordan was named the largest refugee hosting country in the world [16]. This 56 
has affected the crime rate indirectly by attributing to the economic pressure which is one 57 
of the main causes of crimes [20,21].  58 
This study aimed to investigate the validity of 3 unexplored measurements for sex 59 
dimorphism by analyzing uncalibrated OPGs of Jordanian subjects. And, to build a 60 
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regression model for sex prediction that can easily be used by forensic specialists. The 61 
measurements are the condylar angle, mandibular notch angle and the areal ratio 62 
between mandibular area from right to left condyles and condylar-coronoid area. 63 
 Material and methods 64 
This cross-sectional study of the mandible was conducted on 50 OPGs of anonymized 65 
North Jordanian subjects (equally distributed by sex) aged from 21 to 45 years as seen 66 
in table 1. The OPGs were collected from archives of Isteshary Radiology Private 67 
radiology center, Irbid, Jordan. The OPGs were taken for routine dental diagnostic 68 
procedures. Due to the anonymity of the subjects and permission of the clinic, a formal 69 





21 – 25 5 5 10 
26 - 30 5 5 10 
31 - 35 5 5 10 
36 – 40 5 5 10 
41 – 45 5 5 10 
Total 25 25 50 
                               Table 1: Distribution of subjects by sex and age 71 
The criteria of inclusion included (a) healthy adult individuals with a known age (minimum 72 
of 21 and maximum of 45), sex and nationality, (b) absence of pathological or 73 
developmental diseases or syndromes affecting the mandible, (c) absence of history of 74 
fractures in the mandible and (d) a good image quality allowing the assessment of the 75 
anatomical features. 76 
For accuracy and reproducibility, six anatomical landmarks were traced for each OPG. 77 
The Reference points were (A) the most superior point on the head of the left condyle, 78 
(B) the deepest point in the left mandibular notch, (C) the most superior point on the head 79 
of the left coronoid, (D) Gonion: the most posterior inferior point on the mandibular angle 80 
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(left side), (E) Gonion (right side) and (F) the most superior point on the head of the right 81 
condyle as shown on the OPG in Figure 1. 82 
 83 
Figure 1: Six anatomical landmarks in the mandible traced on an OPG 84 
ImageJ (2015) software was used to assess the images [22] by calculating two areal and 85 
two angular measurements. 86 
The first area was a triangle formed from joining the most superior point on the head of 87 
the left condyle (A), Gonion (left side, D) and the most superior point on the head of the 88 
left coronoid (C) as seen in figure 2. In order to mark the Gonion (point D), The tangent 89 
of the outer surface of ramus and the tangent of the lower border of mandible were drawn 90 
(dashed lines, figure 2). After that, a straight horizontal line from the intersection point of 91 
the two lines was drawn to touch the mandible at “point D” as shown in Figure 2. The 92 
same steps were followed to trace right Gonion “point E”. 93 
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                                                          94 
              Figure 2: Tracing left Gonion (point D) and measuring the area of ADC 95 
                            triangle and condylar angle (angulation of AD line)                    96 
The second area was a polygon formed from connecting the most superior point on the 97 
head of the left condyle (A), Gonion (left side, D), gonion (right side, E) and the most 98 
superior point on the head of the right condyle (F) as seen in figure 3. 99 
 100 
               Figure 3: Measuring the mandibular notch angle (ABC angle)  101 
             and the mandibular area (ADEF area) 102 
The first angle was the mandibular notch angle (ABC) formed from connecting the most 103 
superior point on the head of the left condyle (A), the deepest point in the left mandibular 104 
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notch (B) and  the most superior point on the head of the left coronoid (C) as seen in 105 
figure 3. 106 
The second angle was the condylar angle which is the angulation of AD line. It was 107 
calculated after connecting the most superior point on the head of the left condyle (A) and 108 
left Gonion (D) as seen in figure 2. The absolute value of the angle was considered. 109 
Intra-Observer reliability test was carried out by the author on a random 20% of the 110 
sample (10 OPGs) after two weeks of interval. The same radiographs were assessed by 111 
another researcher for the Inter-Observer reliability test. The statistical analysis of the 112 
data included Intraclass Correlation Coefficient (ICC: 2, single measures, absolute 113 
agreement) reliability test and Binary Logistic Regression Using IBM SPSS (22). 114 
 Results 115 
The ICC test gives an idea about the stability of the measurements over time on repeated 116 
trials, and whether enough range of scores is found to enable discrimination between 117 
individuals. The reliability coefficients of the variables for single measures are shown in 118 
table 2. 119 




Co.Ang 0.986 0.707 
Notch.an 0.999 0.991 
T:M 0.885 0.878 
             Table 2: Intra- and inter-observer Reliability coefficients of three variables. 120 
An initial Logistic Regression model was created.  Both angles (Co.Ang, Notch.An) were 121 
found to be significant (p < 0.05) while T:M was not significant as sex predictor (p > .05) 122 





Table 3 : Statistical Significance (p value) of the three variables in  the initial 124 
logistic regression model 125 
To develop a minimally adequate model several combinations of predictors were tried.  126 
Including an interaction term rendered the model non-significant, so the final model 127 
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included only the main effects of Co.Ang and Notch.An.  The final model was used to 128 
create an equation.  Diagnostic statistics were generated for the final model.  These tested 129 
for outliers, overly influential scores and the assumption of the linearity of the logit.  As a 130 
result of this process one score was deleted from the model due to a high likelihood that 131 
it was biasing the outcome.   132 
For standardization purposes the predicted probability of being male was calculated using 133 
the following formula: 134 
P (M) =
1
1 + 2.7128^ − (−47.710 + Co. Ang ∗ 0.275 + Notch. An ∗ 0.230)
 135 
Where: P(M) is the probability of being male, Co.Ang is the condylar angle and Notch.An 136 
is the mandibular notch angle. The formula gives an probability of being male between 0 137 
and 1. Subjects with a probability of > 0.5 are classified as males while subjects with a 138 
probability of < 0.5 are classified as females. 139 
Table 4 summarizes the accuracy of the final model in sex prediction within our sample. 140 
 Predicted 
Sex Percentage 
Correct Female Male 
Female 18 6 75.0 
Male 5 20 80.0 
Overall 
Percentage 
  77.6 
                    Table 4: Prediction Accuracy of the developed model 141 
Using Microsoft Excel 16, a sex calculator was created based on the sample data. When 142 
typing the values of the 2 variables (Co.Ang and Notch.An), the probability of being male 143 
will be calculated automatically based on the previously mentioned formula. If the 144 
probability is >50% the calculator will classify the subject as MALE.  . This calculator has 145 




To assess the validity and applicability of the sex calculator, 10 OPGs of Jordanian 148 
subjects aged between 21 and 45 years old distributed equally among sexes were 149 
analyzed. 80% of the subjects were sexed correctly.  150 
DISCUSSION 151 
The minimum age of the sample was adopted because of the growth of the condylar 152 
cartilages that ceases by the age of 21 years [23,24]. The age-related bone loss in the 153 
mandible starts from the age of 50 years so the maximum age of the range was 45 years 154 
old [25]. Also, there is more availability of radiographs within this age range. Furthermore, 155 
this age range follows Krogman’s statement that sex estimation should be limited to the 156 
age range of 20-55 years [26]. More variations in the results might be observed from 157 
subjects below or above this age range.  158 
Linear measurements were not included as the radiographs were uncalibrated and 159 
angular measurements and ratios give more precise results because they overcome the 160 
magnification errors [2,27]. Most of published studies on sex estimation of the mandible 161 
used linear and areal measurements which require analyzing calibrated or scaled 162 
radiographs [11,28,12,2,29,10]. Moreover, poor number of publications analyzed angular 163 
measurements being the gonial angle the most analyzed angle [28,30,31].  164 
In the present study, the greatest sexual dimorphism was demonstrated by the 165 
mandibular notch angle. The value of this angle derives from four previously tested 166 
predictor variables: the head of the condyle, the head of the coronoid process, the depth 167 
of the notch and the condyle-coronoid distance [32,33,10,31]. This angle could quantify 168 
the changes of these factors and aid sexing the mandible to overcome the need for 169 
calibrating ragiographs. 170 
The condylar angle was less statistically significant than the notch angle due to greater 171 
variability in the relationship between condylar angle and sex. The condylar head and the 172 
position of the gonion are variables affecting the value of this angle. Gonial area holds a 173 
degree of sexual dimorphism and tends to be more rounded in females and more robust 174 
in males which affects the position of Gonion [34].Again, the size and volume of the 175 
condylar head may have an effect on the condylar angle. For instance, males condyles 176 
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tend to be larger which affects the posterior tangent of the ramus and subsequently 177 
widens the condylar angle [32,35,36]. 178 
Other factors that might influence the shape and size of the mandibular landmarks is the 179 
masticatory complex which is affected by testesteron hormone [37,38]. Generally 180 
speaking, as males have stronger muscles which load the mandible with greater 181 
mechanical forces, they tend to have larger mandibles [38]. Among mandibular 182 
landmarks, the coronoid process and the gonion showed more adaptation to changes in 183 
the masticatory forces [39]. 184 
The condylar angle presented lower inter observer reliability compared to mandibular 185 
notch angle. This can be explained by the number of steps required to trace gonion and 186 
measure the angle.  This also likely explains the lower statistical significance of this 187 
predictor. 188 
The triangular area consisted of the condylar height, the coronoid height and the condyle-189 
coronoid distance. All these were found to be effective as sex-specific markers in previous 190 
studies carried out on different populations such as Indians and Brazilians with accuracies 191 
ranged from 58-96% [12,33,31,30]. The second area was formed by four parameters; 192 
condylar breadth, bigonial breadth and right and left condylar heights tested in previous 193 
studies and presented statistical significance with sexing accuracy of 68-96% 194 
[30,31,40,41]. In this study, the ratio between the two areas are statistically insignificant. 195 
Further studies can test the significance of the areal measurements separately using 196 
calibrated radiographs.  197 
The findings of this study support the argument that angular parameters are more reliable 198 
predictors of sex on OPGs compared to horizontal measurements due to the variations 199 
in magnifications at different depths [42,43]. 200 
Our final model sexed 77.6% of the sample correctly, and we were able to correctly 201 
classify 80% of our validation sample. This finding lies within the overall accuracy range 202 
of 70-94% reported by previous studies for sex estimation using the mandible alone [2]. 203 
This high level of prediction is promising as even complete pelvis which is the best skeletal 204 
sex predictor cannot provide an accuracy rate more than 95% [26]. This finding supports 205 
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the conclusion of previous studies that the mandibular ramus presents a high usefulness 206 
in sexing the mandible [44,33]. It was also argued that locations of bone remodeling in 207 
the mandible, namely the condyle and the ramus are more prone to be sexually dimorphic 208 
[33]. The prediction of male sex exhibited slightly more accuracy than female sex (80% 209 
and 75%, respectively). This can be explained by the nature of secondary sex 210 
characteristics [45]. The accuracy of this study is also superior to the results of studies 211 
conducted on the same population which showed accuracy of 67.8-70.9%. Moreover, it 212 
overcame the limitations of these studies which include analyzing calibrated radiographs 213 
and sexing the mandible morphologically [46,11]. 214 
The developed calculator could be used by forensic dentists, forensic anthropologists on 215 
living and dead subjects. It can also be used by archeologists if the ramus was intact. 216 
Indeed, it is argued that the anterior portion of the mandible is more preserved compared 217 
to the posterior portions [47].   218 
A limitation of this study is that intact skull is required for angular measurements and 219 
according to the weak points of the mandible, the condylar neck followed be the angular 220 
component are more prone for fracture [2,48]. Nonetheless, the angular indicators in this 221 
study can be measured even on fragmented mandible if the ramus is intact specially that 222 
it is easily identified in fragmented remains [6]. 223 
Further studies should be carried out on dry mandibles and different radiographs such as 224 
lateral cephalogram. Also, the sex calculator should be tested on different populations 225 
and wider age ranges.  226 
CONCLUSION 227 
In conclusion, this suggested methodology presents the potential of the mandibular notch 228 
and condylar angles to sex Jordanian subjects which subsequently aids human 229 
identification and helps creating the biological profile. 230 
 Moreover, the developed sex calculator can be used by Forensic Odontologists, Forensic 231 
Anthropologists and archeologists by analyzing uncalibrated OPGs. It needs to be 232 
validated by further studies on a larger sample with wider age range, dry specimens, 233 
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